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DNA Microarrays for Bioagent Detection

• Microarray Probe Design Strategies

• Hybridization Model for Detection and System Simulation

• Detection Results for Bacteria
– Detection of Individual Threats in Air Clutter Background

– Parsing of the Anthracis Clade

• Summary
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Probe Design Approaches

• How to detect all threats and distinguish 
near neighbors?

Conserved sequence regions are robust 
detectors, but don’t discriminate close 
neighbors.
Threat-unique sequences are good at 
discrimination, but may fail to detect due to 
strain variation or bioengineering.
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Threat-Specific Probes for Resolution 
Clade-Specific Probes for Robustness
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Microarray Probe Design Strategies
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Detection Relies on Model for Threat 
Genome Hybridization

• Need to relate threat sequence and abundance to 
hyb intensity

• Model is crude but adequate
– Assumes equilibrium
– Different molecular species do not interfere
– Based on ‘Nearest Neighbor’ quartet energies
– Tuned to surface-phase hybridization
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Nearest-Neighbor Model is Tuned for 
Surface-Phase Hybridization
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Having Many Probes per Threat 
Allows Robust Detection

Streptococcus in Air
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PD - PFA Performance Should Be Adequate 
for Monitoring Applications

Streptococcus in Air
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Detection of Anthracis in Air
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Probe Diversity Also Enables Discrimination 
Between Phylogenetic Near-Neighbors
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DNA Microarrays for Bioagent Detection
Summary

• Ability to dedicate many reporters to each threat 
provides robust detection and discrimination

• Clade-specific probes should provide additional 
robustness to strain variation and bioengineering

• Without much optimization, microarray sensitivity is 
already down to low number of genome copies 

• DNA clutter from 18,000 L air sample (indoor 
collection) did not prevent robust detection of Strep
and B. Anthracis
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BACKUP
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SAIC/Ibis Differs from LLNL Approach

Potentially supports simultaneous 
quantitation of multiple threats 
down to a few genome copies, but 
amplification needs work

Will suffer more from background 
clutter

Obtain best resolution and 
robustness to unknown variants

• No sample division
• Linear amplification

• Broad genome 
amplification

• Probes for conserved and 
for unique regions
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Derivation of [L]0 (page 2/2)
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LLHR Equations
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